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Introduction

39
Proteins are central to life playing a key role in maintenance metabolism through the 40 synthesis and breakdown of structural, catalytic and other metabolically-active proteins, with 41 growth occurring when rates of protein synthesis exceed breakdown (Doherty and Whitfield, role, adaptive physiology for life in the intertidal and commercial importance of this taxa 101 (e.g. Navarette and Menge, 1996; Ragnarsson and Raffaelli, 1999; Somero, 2002; Gosling, 102 2003; Gracey et al., 2008; Smith et al., 2014) . In vivo rates of whole-animal protein synthesis 103 have been measured in bivalve molluscs of the genus Mytilus using 15 N-labelled algae and a
104
stochastic end-point model (e.g. Hawkins, 1985; Hawkins et al., 1989; Bayne and Hawkins, 105 1997). The results of these studies have provided some fundamental insights into the role that 106 inter-individual variation in protein turnover plays in individual growth performance, in terms 107 of both growth rates and growth efficiency (Hawkins et al., 1989) , have shown links between 108 genetic heterozygosity, protein turnover and growth performance (Hawkins et al., 1986; 109 Bayne and Hawkins, 1997; Hawkins and Day, 1999) and examined the effects of salinity and 110 acute temperature change in the laboratory (Hawkins et al., 1987; Hawkins and Hilbish, 111 1992) and seasonal changes in the field on protein metabolism in M. edulis (Hawkins, 1985) .
112
The aim of the current study is to validate the flooding dose technique using L-[ 3 H]-
113
phenylalanine to measure whole-animal and tissue-specific rates of protein synthesis in 114 bivalve molluscs using the commercially and ecologically important species the blue mussel
115
Mytilus edulis as a model. Validation will allow whole-animal and tissue-specific measures 116 of protein synthesis in bivalves that are directly comparable with the range of other taxa that 117 have been studied using the flooding dose technique of Garlick et al. (1980) . In addition,
118
whole-animal rates of protein synthesis can be compared with the data of Hawkins and co-119 workers (op cit) obtained using a stochastic endpoint model method. 
Materials and Methods
122
Animal collection
123
Twenty five blue mussels (Mytilus edulis L.) were collected from the high intertidal zone at aquarium at the School of Ocean Sciences. On the shore, individual mussels were selected to 126 be greater than 50mm shell length and free from any visible signs of damage such as chips or 127 holes in the shell. 
Radiolabel injection and incubation time course
134
Fractional rates of protein synthesis were measured using a modification of the flooding dose 135 technique (Garlick et al., 1980; Houlihan et al., 1995a) . Immediately prior to injection, the 136 mussels were removed from seawater, blotted dry and the shell valves were notched in the 137 vicinity of the posterior adductor muscle. Four groups of five mussels were injected, in turn, removed (Fraser et al., 2002) and treated in the same way as gill and mantle tissue samples.
163
The treatment of gill, mantle and whole-animal samples to measure the free pool and protein-164 bound phenylalanine specific radioactivity followed the protocol outlined in Houlihan et al.
165
(1995a) and McCarthy and Fuiman (2008) . In brief, the protein pellet was solubilised in 0.3M
166
NaOH and the protein content was measured using the Folin-phenol method of Lowry et al.
167
(1951) as modified by Schacterle and Pollack (1973) 
Results
210
Time course validation
211
The intracellular free pool specific radioactivities (Sa) in the gill, mantle and whole-animal (Fig. 1a) . Thus, phenylalanine-specific radioactivities in the gill, mantle and whole-222 animal free pools remained elevated and stable over the 6 h time-course experiment.
223
The time course incorporation of 3 H phenylalanine into gill, mantle and whole-animal where Sb is the protein-bound phenylalanine specific radioactivity (dpm nmol -1 phe) and t is in the gill, mantle and whole-animal were elevated within one hour of injection (criteria 1)
268
and remained elevated and stable (criteria 2) for a further 5 h (Fig. 1) . Subsequent 269 incorporation of radiolabel into body protein was linear ( Fig. 2; criteria 3 ) and the non- with phenylalanine does not affect rates of protein synthesis, has been examined in humans and shown to be the case (e.g. McNurlan et al., 1979; Garlick et al., 1980; McNurlan et al., 276 1991; Garlick et al., 1994; but see Rennie et al., 1994) . However, this validation criteria has 277 been little studied in non-mammalian animals (Loughna and Goldspink, 1985) and it has been 278 assumed that there is no stimulatory effect of the flooding dose on rates of protein synthesis
279
( Houlihan et al., 1995a; Fraser and Rodgers, 2007) . Clearly, further validation of this criteria 280 is required for aquatic ectotherms but may be problematic due to differing time scales of 281 tracer administration and incorporation using different methodologies.
282
The free pool phenylalanine-specific radioactivities in the gill, mantle and whole- 74%, Houlihan et al., 1995c; 42%, McCarthy and Fuiman, 2008) .
293
It is unlikely that the lower specific radioactivities observed in the gill and mantle are the (Tables 2 and 3 ). The whole-animal data presented in Table 2 and flexibility in enzyme production in keeping with the function of the gill as a specialised 355 site for both gas and ion exchange (Lyndon and Houlihan, 1998) . Mean ± SEM (n=20).
618
ks fractional rate of protein synthesis, Cs capacity for protein synthesis; kRNA RNA activity.
619
Same letter, along a row, indicate no significant difference following one-way ANOVA and
620
Tukey HSD pairwise comparisons. 
